representing premalignant tissue changes in the respiratory tract
epithelium. Esophageal epithelial cells with atypical nuclei were found
far more frequently in cigarette smokers than in nonsmokers. The term
“gtypical nuclei” describes nuclei with an irregular distribution of
chromatin. Other abnormal changes including giant nuclei may also be
present. Basal cell hyperplasia and hyperactive glands also were found
more frequently in cigarette smokers than in nonsmokers. An in-
crease in frequency with amount of cigarette smoking was noted for
both epithelial cells with atypical nuclei and basal cell hyperplasia.
Atypical nuclei in epithelial cells were also more frequently found
in ex-cigarette smokers as compared to nonsmokers. Tables 20 and 21
illustrate the frequency of these findings:

TABLE 20.—Atypical nuclet in basal cells of epithelium of esophagus of
males, by smoking habits and age

Never Current
smoked cigarette Ex-cigarette | Pipe, cigar Other
regularly
Atypical nuclel
Num-| Per- | Num-| Per- | Num-| Per- { Num-| Per- | Num-{ Per-
ber | cent | ber | cent | ber | cent | ber | cent | ber | cent
A. ALL MEN
Number men. . ...- ) S PO 770 |ecaee 181 89 a2
Total sections ! _.__. 787 | 100.0 | 6,752 | 100.0 | 1,586 | 100.0 766 | 100.0 522 | 100.0
No atypical nuclel 783 | 9.1 167 2.5 70| 48.5 53 6.9 195 37.4
Some but <60 percent
atypleal....coooeeanmaaeas 52 8.6 {5389 79.8 765 | 48.3 6ss8 | 89.8 317 60.7
60 percent or more atypical... 2 0.3 {1,198 | 17.7 51 3.2 28 3.3 10 1.9
B. MEN UNDER AGE 50
Numbermen. . _............. b 2 T 236 - b Iy . 9 [ I
Total sections . _.___._.. ... 223 | 1000 | 2,060 | 100.0 258 | 100.0 77 | 100.0 53] 100.0
No atypical nuclei.. ____..__. 180 | 85.2 7 3.4 5 | 21.7 1 1.3 4 7.5
Some but <60 percent
atypical. ..o 33| 14.8| 1,853 | 00.0 195 | 75.6 74| 96.1 46 86.8
60 percent or more atypical .| . _____|.....-- 135 6.6 7 2.7 2 2.6 3 5.7
C. MEN AGED 5069
Number men. .. 44 4“5 . ... 100 38 31
Total sections . _.___________ 379 | 100.0 | 3,853 | 100.0 | 953 | 100.0 310 | 100.0 256 | 100.0
No atypicalnuclei.__.....__._| 373 | 98.4 83 2.2 461 | 48.4 37) 11.9 74 28.9
Some but <80 percent
atypieal-.__ ... ... 4 1.1}29015]| 75.8 452 | 47.4 261 | 84.2 178 60.5
60 percent or more atypical.__ 2 0.5 835 | 22.2 40 4.2 12 3.9 4 L6
D. MEN AGED 70 OR OLDER
Numbermen. -.......___.... b S [ 3 . “u | 2 24
Total sections ! 188 | 100.0 840 | 100.0 375 | 100.0 379 | 100.0 213 | 100.0
No atypical nuclei......._... 170 | 91.9 13 1.5 253 | 67.4 15 40| 17 54.9
Some but <60 percent
atypleal...__._..._ .. . _.. 15 8.1 621 | 714.0 1181 315 3.1 23 43.7
60 percent or more atypical_._|-....__|-.._.-- 208 [ 24.8 4 11 1n| 29 3 1.4

! Sections with some epithelium present.
SOURCE: Auerbach, 0., et al. [table 2(3)].
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TaBLE 21.—Atypical nuclei in basal cells of epithelium of esophagus of
males, by amount of smoking and age

Nevee smoked: Current cigaretts smokers
Cells with atypical nuclel 7 <1 Pack 1-2 Packs 24+ Packs
Num- | Per- | Num-| Per- | Num- | Per- | Num- |- Per-
ber oent ber oent ber cent ber cent

A.Allages. .. .oooeeneneen 1 1™ 413 187 .

Total sections !_......ooeemeeoo. 787! 100.0) 1,544 | 100.0| 3,620 | 100.0 | 1,579 100.0

No atypical nuclei.......... ... ... 733 9.1 89 5.8 ] 1.1 30 25

Some but <80 percent atypical.. 52 6.6} 1,340 | 848 | 2,057] 8L5| 1,081 0.1

60 percent or more atypical. ... 2 0.3 114 7.4 633 17.4 4“9 28.4
B. Men under age 50:

Numbermen _________coeeeeeooo 26 @0 132 [ J SR

Total sections #._______.......... 100.0 433 ( 100.0} 1,169 | 100.0 457 100.0

No atypicalnuclel._ oo 190 88.2 48 11.1 21 1.8 2 0.4

Some but <80 percent stypical.. a3 14.8 382 88.2| 1,089 9.2 382 8.0

60 percent or more atypical - 3 0.7 5 5.0 3 18.0
C. Men aged 50-69:

Numbermen.........aeeu - “ 92 240 |.. 113

Total sections . ._..__._.___.___ 379 | 100.0 789 | 100,01 2,116 100.0 948 | 100.0

No atypicalnuclel ... _..... 373 98.4 30 3.8 18 a9 a8 37

Some but <60 percent stypical.. 4 1.1 o004 | s7.9{ 1,607| 759 614 .3

60 percent or more atypleal ___._ 2 -0.8 [ 8.3 491 .2 - n.5
D. Men aged 70 or older:

Numbermen. .. .. ... .cccooo... 21 a8 41 19

Total sections ! ... .. .coeeeeenn 185 | 100.0 100.0 #4 | 100.0 174 100.0

No atypical nuclel.._ ... ... 170 9.9 1 3.4 2 L1

Some but <80 percent atypical.. 15 8.1 265 82.3 261 75.9 95 8.7

60 percent or more atypical : 46 14.3 83 2.1 k14 4.2

! Sections with some epithelium present.
SoURrcE: Auerbach, O., et al. [table 3(%)].

EXPERIMENTAL STUDIES

Because of the association noted between esophageal cancer and
aleohol consumption reported in the Surgeon General’s 1964 Report,
a study (68) was undertaken to consider the possibility that the car-
cinogens known to be present in tobacco smoke could penetrate esopha-
geal tissue more readily, if dissolved in aqueous solutions of ethanol.
Mice were exposed to several compounds by intraesophageal tubation.
Tissues were then removed and studied by fluorescence microscopy.
Deeper penetration and a different distribution were found when
benzo(a)pyrene was dissolved in agueous solution of ethanol as com-
pared to benzo (a) pyrene dissolved in olive oil. It was also found that
benz (a)anthracene and fluoranthene dissolved in ethanol solution or
aqueous caffeine solution could penetrate the epithelium of the
esophagus.

REsoMmi

The present evidence strengthens the conclusion that a four-fold to

five-fold increased risk of dying from esophageal cancer is associated
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with tobacco smoking. Autopsy evidence indicates that smokers have a
greater frequency of pathologic changes of the esophageal tissue, some
of which are generally considered to be premalignant. It has been .
demonstrated that known carcinogens such as benzo(a)pyrene and
others can penetrate the esophageal tissue when dissolved in aqueous
ethanol or caffeine solutions. The present evidence suggests that smok-
ing may be a causal factor in the development of esophageal cancers,
but is still insufficient for a firm judgment of causality. More informa-
tion on alcohol as a confounding variable and/or interactant is vitally
needed.

The data on women for the preceding categories of buccal, pharyn-
geal, laryngeal, and esophageal cancers have not been reported due to
the relatively too few cases involved. However, Hammond has pooled
these data into one group. Table 22 shows an increased mortality ratio
in this overall combined category but the number of deaths is still too
small for significant conclusions to be drawn.

TABLE 22.—Mortality ratios and age-standardized death rates for cancer
n women aged 46—64 by site and amount smoked

Never Cigarette smoking Heavier cigarette
Site smoked smoking !

Death Desth Mortality Death Mortality
rate rate ratio rate ratio

Buccal cavity, pharynx, larynx,

and esophagus_____________. 2 3 1.79 (] 3.17
Lung? .. 7 15 2.17 25 3.63
Pancreas. ___ . ______________. 6 11 1.81 16 2. 58

1 Smoked 20 or more cigarettes a day regardless of
day, and began smoking ge 2 Exclu

SourcE: Hammond, E. C, [ta.bla 26 (i0).

nge , began smoking or smoked 10 or more cigarettes a
ding trachea, pleura.

Table 22 also shows the dosage effect of smoking on women, for dif-
ferent cancer sites—an increased amount of smoking being reflected
1n an increased mortality ratio.

CANCER OF THE URINARY BLADDER

The Surgeon General’s 1964 Report concluded: “Available data
suggest an association between cigarette smoking and urinary blad-
der cancer in the male but are not sufficient to support judgment on the
causal significance of this association.”

The National Center for Health Statistics (94) reports that there
has been no change in the death rate from cancer of the bladder and
other urinary organs during the period 1950-64. For 1964, the male
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death rate from this cause was 5.8 deaths per 100,000 population, and
the female death rate was 2.6 deaths per 100,000 population.

The mortality data from the large prospective studies are presented
below. The Hammond study reports the following mortality ratios and
death rates for cancer of the bladder and other urinary tract sites, for
males, by history of regular smoking :

TABLE 23.—Bladder cancer mortality ratios and age-standardized
death rates for male cigarette smokers, by specified age groups

Cigarette stokers
Age 45-84 ) Age 65-70
Mortality ratios. . _____ 2. 00 2.98
Deathrates ..o e 1 (4)7 (17)50

"$ Numbers in parentheses indicste death rates for persons who have never smoked regularly.
8ource: Hammond, E. C. [table 24 (40)].

The Canadian Pensioners study (8) included bladder cancer in
the general category of genitourinary cancer.

TABLE 24.—G@enitourinary cancer mortality ratios for Canadian velerans
by age and amount smoked

da;
M ¢y ratios Number of cigarettes smoked per day
19 10-20 I 2+
Allages . ____ . ... 133 1 44 143
Age 70+ e L 10 2.24 2.43

Sourck: Canadian pensioners studv [table 8.2 (8)].

The Dorn study of U.S. veterans (49) reports the following mor-
tality ratios and death rates for males by quantity of cigarettes
smoked per day and by pipe and/or cigar smoking:

TABLE 25.—Bladder and other urinary tract cancer mortality ratios and
death rates for U.S. veterans, by age, type and amount smoked

Number of cigarettes smoked per day P
an

Cigars | Pipe

0 1-9 10-20 21-39 40+

Mortality ratios.| 1.00 .10 1.93| 320 252|109 0.94( 120
Death rates:

Aged5-54__ | ___.__|--___ 13 18 o
Age 55-64._.| 8 2 12 14 20 14 18 14
Age 65-74___| 22 25 28 96 45 20 9 28
Age 75-84...1 89 | oo e e o P

SoURcE: U.8. veterans study {app. table A (49)].
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The Doll and Hill survey of British physicians (28) reports the
following standardized death rates for cancer of the urinary bladder:

TABLE 26.—Death rates for cancer of urinary bladder by type of smoking

Type of smoking
Nonsmokers

All smokers Cigarette smokers Mixed smokers |Pipe or cigar smokers

17 11 13 12 7

Source: 8tudy of British physicians {table 14 (£8)].

TABLE 27.—Death rates for cancer of urinary bladder by amount smoked

Amount of tobacco smoked dadly (g.)

1-14 15-24 25+ All amounts Cessation

10 11 13 12 8

1 g.=1 cigarette/day = 4oz, tobacco/week.
SourcE: Study of British physicians {table 15 (28)].

The Hammond and the Dorn studies report mortality ratios of
more than 2.00 in smokers of more than 20 cigarettes per day. The
Canadian study reports the same for men over 70 years, who smoke
more than 10 cigarettes per day. The Doll and Hill survey is incon-
sistent with those pre¥iously mentioned in that it shows no association
between type of smoking or amount smoked and bladder cancer.
However, this survey consists of but 38 deaths due to bladder cancer.

Two controlled retrospective studies of bladder cancer patients
have been reported since the Surgeon General’s 1964 Report. In both
studies these patients had a significantly greater percentage of smok-
ers, the majority of whom were cigarette smokers, as compared with
controls. The first study (I8) reported 94 percent smokers in the
patient group and 74 percent in the control group. When analyzed
by the amount smoked, the patient group had 80 percent heavy smokers
(greater than one pack per day for 30 years) as compared to only 45
percent heavy smokers in the control group. The second study (89)
reported 93 percent smokers in the patient group and 84 percent in
the control group. However, when compared by the amount smoked,
there was a much larger difference between the two groups; there being
86 percent of the patient group with a high “smoking index” (amount
smoked X duration of smoking) as cbinpared to only 66 percent in
the control group. The latter study also reported a greater frequency
of inhalation and “cigarette only” smoking in the patient versus
controls groups. :
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AvTorsy StTUDIES

There have been no reported studies analyzing changes in the
bladder tissue of smokers compared with nonsmokers. Studies of this
type would be helpful to determine if smoking is associated with
pathologic changes commonly thought to be premalignant in other
" types of tissue.

ExprrIMENTAL CARCINOGENESIS

Cigarette smoke condensate as well as several tobacco smoke con-
stituents were implanted with cholesterol directly into the bladder
of mice (16). Only hydroquinone produced a significant number of
bladder tumors.

MzerasoLic Stupies oF ENDoGENOUS CARCINOGENIC SUBSTANCES IN MaN

Certain ortho-aminophenols and aryl hydroxylamines are known
to be carcinogenic (75). Three normal intermediate metabolites of
tryptophan are ortho-aminophenols (8-hydroxyanthranilic acid, 3-
hydroxy-2-amino-acetophenone, 3-hydroxykynurenine) and are known
to induce cancer when placed in the bladder of mice (15).

Kerr, et al. (61, 62), performed metabolic studies on six men, three
smokers and three nonsmokers. He found that the three nonsmokers
had substantially increased urinary excretion values of 3-hydroxyan-
thranilic acid and 3-hydroxykynurenine, after having smoked for 5
weeks, with a concomitant decrease in the excretion of N’-methylnico-
tinamide, a normal end product of tryptophan metabolism. After hav-
ing stopped smoking for 5 weeks, the three smokers showed decreased
urinary excretion of these same intermediate metabolites and an in-
crease in N’-methylnicotinamide excretion.

The carcinogenic metabolites increased an average of 50 percent
while the normal end metabolite decreased an average of 34 percent
in response to cigarette smoking. A reversal was noted after the men
stopped smoking. These studies suggest that cigarette smoking changes
the normal metabolic pattern of tryptophan, leading to the accumula-
tion of carcinogenic metabolites in the urine. Further studies are
needed to confirm these findings.

Another study, designed to detect abnormalities of tryptophan (6)
in patients with various neoplastic or nonneoplastic conditions of the
urinary tract, showed that 29 of 201 bladder cancer patients had both
kynurenine and 3-hydroxykynurenine, in contrast to eight of 167 pa-
tients with other urinary tract diseases, neoplastic and nonneoplastic.
However, more renal cancer patients had 3-hydroxyanthranilic acid
than bladder cancer patients. This study did not include data concern-
ing current smoking habits of the patients studied.
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ResoME

The additional epidemiological, clinical, and experimental data
strengthen the association between cigarette smoking and cancer of
the urinary bladder, but are still insufficient to infer that the relation-
ship is causal.

CANCER OF THE STOMACH

The Surgeon General’s 1964 Report stated that no relationship has
been established between tobacco use and stomach cancer. No new
evidence refutes this statement.

Epidemiological evidence does not show a significant relationship
between smoking and stomach cancer. The overall mortality ratios,
although greater than for nonsmokers, are smaller than for any other
disease related to smoking. There is also no gradient with the amount
of tobacco smoked.

TABLE 28.—Male mortality ratios and death rates for cancer of stomach
by specified age groups

Age 45-64 Age 65-79
Mortality ratios. oo cccocce—eom- 1.42 1.26
Death rates. - - e mememmeemmeee 1(11) 16 (57) 72

t Numbers in parentheses indicate death rates of persons who had never smoked cigarettes regularly.
SourcE: Hammond, E. C. [table 24 (40)).

TaABLE 29.—Mortality ratios and death rates for cancer of stomach
by age, type, and amount smoked, in U.S. veterans

Cigarettes/day P4
an Cigar Pipe
0 1-9 10-20 21-39 404+ clgars
Mortality ratio
(total) . ... _______ 1.00 | 2.17 | 1.61 | 1.35 | 1.87 | 1.21 | 1.20 1.40
Death rate:
Age 45 to 54_ ___ 10 ... 8 PURURUR RPN SPPIU SN NP
Age 55 to 64___ _ 13 27 21 24 53 15 9 21
Age65t074. .. 28 68 48 58 46 40 46 57
Age 75 to 84. ... [ 708 PRI FRIUIN I S, 114 212 |-

8SouRcE: U.B. Veterans study [app. table A (49)].
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TaBLE 30.—Death rates for cancer of stomach by type and amount
smoked, in British physicians

Amount of tobacco dally (g.) ¢ .
Non- All Cigarette Given up Pipe or
smokers |smokers| smokers smoking | Mixed
1-14 1524 25+ Al
amounts
27 25 30 28 28 26 28 18 14 30

11 g.=1 cigarette per day=>3{ oz. tobacco per week.
Bource: Study of British physicians [tables 14 and 15 (£8)].

Rfsomi
Although cigarette smokers appear to have slightly higher death

rates from cancer of the stomach, the differences are small and do
not bear any consistent relationship with amount smoked.

CANCER OF THE PANCREAS

The Surgeon General’s 1964 Report did not report on cancer of
the pancreas.
The more recent epidemiologic evidence shows an increase in the

death rates and mortality ratios for creatic cancer among male
cigarette smokers (40, 49). Comparably elevated ratios are noted for

females but not to the extent noted for males (40) (see tables 22, 31,
32, 33). Both the U.S. veterans study (49) and the Canadian pensioners
study (8) reveal a gradient of mortality risk increasing with the

amount of cigarettes smoked. Data are insufficient to draw any con-
clusions for pipe and/or cigar smokers.

TaBLE 31.—Mortality ratios and death rates for cancer of pancreas
by sex and specific age groups in cigarette smokers

Age 4564 Age 85-70
Female Male Female Male
Mortality ratio____________.___ 1. 81 2. 69 11 .41 2,17
Deathrate. _______.______.___ $(6) 11 2(7) 19| 2(32) 45 1 (31) 66

1 Computed from app. table 19,
3 Numbers in parentheses indicate death rates of persons who had never smoked cigarettes regularly.

BSource: Hammond, E. C. [tables 24, 26, and app. table 19 (40)].
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TaBLE 32.—Mortality ratios and death rates for cancer of pancreas
by age, type, and amount smoked, in U.S. veterans

Cigarettes/day .El ° | Clgar | Pipe
0 -9 | 1020 | 21-39 | 40+ clears
Mortality ratio
(total).. o __.___ .00} .87 193|218 187} 1.13] L 52 .74
Death rate:
Age45to 54 | ____ .. _._ 9 21 ... 26 oo
Age 55t064_._. 13 15 24 26 21 19 21 22
Age65to74____[ 29 29 50 56 27 38 58 19
Age 75to84____| 109 |______|J . . ... 32 33 68

SourcE: U.S. veterans study [app. table A (49)].

TaBLE 33.—Male mortality ratios for cancer of pancreas of current
ctgarette smokers by amount smoked

Cigarettes/day
0 19 10-20 21+
Mortality ratio_ ... _______._.. 1. 00 1. 40 1. 98 2.37

SoURCR: Canadian pensioners study [table 8.2 (8)).
RisuME
An association between cigarette smoking and pancreatic cancer
is implied, but in the absence of data on other possible causal factors,

confounding variables and interactants, the significance of this asso-
ciation is not clear.
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